Children with specific language impairment (SLI) are known to have limited lexicons. Previous studies implicate a possible processing problem, in the form of a limited ability to comprehend new words in settings that require Quick Incidental Learning (QUIL). This study investigates further the factors contributing to limited QUIL by examining the effects of input frequency and word type (nouns vs. verbs). In addition, immediate versus long-term memory was examined for possible problems with storage mechanisms. Subjects were 30 5-year-old SLI children with receptive and expressive language deficits and two comparison groups of normally developing children: 30 MLU-equivalent and 30 CA-equivalent. The subjects were randomly assigned to one of three experimental conditions in which they viewed video story presentations in which targeted words were embedded. The conditions varied by number of word presentations, 0, 3, or 10. The 0 condition was a control condition in which familiar words were presented. Children's word comprehension was tested immediately following viewing and again several days later. The findings confirm a strong frequency effect, but one that is influenced by group status, word type, and retention demands. There is evidence of a robust representational mapping ability for SLI, which is at the same time modulated by a minimum input constraint and apparent problems with storage into long-term memory.
Young children demonstrate a remarkable facility for word learning. By the time they are ready to go to school, they understand and use thousands of words (Smith, 1926; Templin, 1957) . Their rate of learning has been estimated as 9-10 new words per day (Carey, 1978; G. A. Miller, 1991) . In the accomplishment of such an impressive feat, they are guided by basic cognitive principles (Golinkoff, Mervis, & Hirsh-Pasek, 1994 ) that allow them to quickly infer a likely referent for a novel word as they scan the immediate scene or anticipate an upcoming scene (Tomasello & Kruger, 1992) . This ability has been referred to as "fast mapping," a process by which a child, when interacting with an adult, can form an initial interpretation of a new word's meaning on the basis of only a few exposures (Carey, 1978) . By the middle of the preschool years, negotiated joint reference is not necessary; children are able to pick up new words even when left entirely to their own interpretations of a new scene. We refer to children's ability to discover the meanings of new words in naturalistic contexts as Quick Incidental Learning (QUIL [Rice, 1990; Rice, Buhr & Nemeth, 1990; Rice, Buhr & Oetting, 1992; Rice & Woodsmall, 1988] ).
In contrast to the effortless, rapid language acquisition of normally developing children, children with specific language impairment (SLI) often demonstrate late acquisition of first words and a relatively restricted accumulated vocabulary by the time of school entry (Leonard, 1988) . Because a robust vocabulary is instrumental in eventual academic success, early learning deficits constitute significant clinical and academic problems. Although the vocabulary deficits of children with SLI are well documented and are a conventional area of clinical concern, much remains to be learned about the nature of their word learning problems and possible loci of their impairment.
This study is one of a series of studies exploring the initial comprehension processes of preschool children with SLI. The reasoning is that, at least for children with SLI with receptive language problems, some of the difficulties can be illuminated by examining what happens at the initial stages of word learning under the naturalistic conditions of Quick Incidental Learning (QUIL). Previous studies reveal that 5-year-old children with SLI demonstrate only minimal ability to learn new words in QUIL contexts. Their comprehension levels are lower than their age-matched and languagematched peers (Rice, Buhr, & Nemeth, 1990; Rice, Buhr, & Getting, 1992) . In this study we extend the search for possible contributing factors to an analysis of the effects of input frequency, as a function of word class (nouns vs. verbs). Both initial comprehension and retention of newly learned words are examined.
Previous QUIL Findings With Children With SLI
In our previous studies, several potential explanations for the limited QUIL ability of children with SLI have been examined. One possibility is that the limitation is attributable to their impoverished lexicon. This possibility was evaluated by analysis of the children's scores on the Peabody Picture Vocabulary Test-Revised (PPVT-R; Dunn & Dunn, 1981) . In the earlier studies, the PPVT-R generally was not correlated with the QUIL outcomes. Thus, there is reason to believe that the initial comprehension processes are implicated in the SLI children's word learning problems, and that these processing effects are not simply an artifact of an initially limited lexicon.
Another explanatory possibility is that limited initial comprehension processes are associated with a limited grammatical system. In the QUIL studies conducted in our lab, a comparison group is made up of children equivalent to the children with SLI on the basis of mean length of utterance (MLU). There are two plausible ways in which MLU-indexed grammatical abilities could influence word learning. One is that word learning (in particular, verb learning) may be facilitated by general linguistic structures, such as predicate/ argument structures (as suggested by Gleitman, 1990 ). Another possibility is that morphosyntactic cues are instrumental in initial word learning (Leonard, 1988) . Findings from a recent study (Rice, Cleave, Oetting, & Pae, 1993) reveal that children with SLI do not demonstrate the grammatical cue utilization strategy of their age-peers in learning novel names for novel count or mass kinds of objects. Thus, the acquisition of novel names of objects may be limited if relative grammatical cues are not available to a child. Other prior findings are somewhat equivocal. In both Rice, Buhr, and Nemeth (1990) and Rice, Buhr, and Oetting (1992) the mean comprehension scores of the children with SLI are lower than those of the MLU-equivalent children, although the group difference met statistical significance only in the former. Given the relatively low power of the studies, we are inclined to keep in mind the observation by Stevens that "several low power studies that report nonsignificant results of the same character are evidence for an effect" (1986, p. 137) . The issue of possible effects of grammatical limitations on the word learning of children with SLI, then, remains open, worthy of further examination.
A third possibility is an input processing difficulty. In the QUIL context, a child must identify the novel word in the incoming stream of linguistic information. If novel words are not salient to the children with SLI, comprehension would not be expected. Given these children's well-known problems with grammatical morphemes and the possibility that these morphemes could be instrumental in the parsing of incoming sentences, and in determining form class assignments of new words, it was important to evaluate the possible contribution of limited salience. In Rice, Buhr, and Oetting (1992) the grammatical context was manipulated in two ways to increase salience: The targeted word was placed at the end of the sentence, and the new word was clearly demarcated by a pause before and after. The reasoning was that if the mapping problems of children with SLI were attributable to an inability to identify the novel word, their performance should be enhanced in the salience condition relative to a control condition. The evidence did not, however, support a salience effect. It does not seem to be the case, then, that the major locus of the comprehension problem lies in an inability to parse the novel word.
Frequency of Input
Exposure to words is obviously essential for lexical acquisition. When children first encounter a new word, they must form an association between word and meaning and assign the new word/meaning to a temporary location in the lexicon. This initial assignment can be confirmed in subsequent cross-situational learning. Thus, repetition of word stems, with their associated meanings and linguistic cues, is likely to be helpful to child learners. What is not clear are the details of how input frequency would be utilized by a child learner across different classes of words. If word acquisition were simply a matter of accumulated frequencies, then the early lexicon would look much different. The most frequently appearing words in spoken English are the little grammatical operators that are missing in early lexicons, such as , and, the, to, that, it, was, in , and so on (Dahl, 1979) . These words do not appear early on. In fact, they take quite some time to appear in children's vocabularies. Children instead filter linguistic input through layers of cognitive and linguistic heuristics that serve as principles for lexical acquisition (Gleitman, 1990; Golinkoff et al., 1994; Markman, 1989) .
Recent studies suggest that frequency effects may not be straightforward. On the one hand, Huttenlocher, Haight, Bryk, Seltzer, and Lyons (1991) determined that the overall amount of parental speech input at 16 months accounts for about 20% of the variation among children in acceleration of vocabulary growth during the 16-26 month period. Furthermore, frequency of parental use of individual words predicted the age at which children acquired the words, with an obtained correlation of .65. Huttenlocher et al. conclude that "the number of word learning trials to which a child is exposed is an important factor in the acquisition of vocabulary items" (p. 245). They rightfully note that such input effects do not preclude important differences in the ability of individual children to learn from input, although they do not explore this possibility further.
On the other hand, Hart's (1991) analysis of 45 children observed longitudinally in their homes revealed that input frequency effects were prominent for children's first words but dropped off sharply as they built their lexicon. During the first 6 months, words produced by parents on the average of 30 times or more were ones that the children produced. Six months later, for the words that children produced, the average parental input had dropped to two presentations. In the last observation (for children ranging in age from 13 to 21 months), a mean of five new child words were recorded for which there was no record of parental use. Hart concludes that parental input assists children with the initial form/ meaning mappings, but children quickly move from rote input-directed learning to more principled learning heuristics that are relatively independent of input. In a similar vein, Barrett, Harris, and Chasin (1991) argue that parental input helps children establish initial word uses, but input effects are quickly superseded by children's cognitive predispositions. This conclusion is also consistent with the findings of Schwartz and Terrell (1983) , who reported that 12-to 13-month-old children were efficient word-learners on the basis of one focused presentation per day by an adult, over 10 days. This effect held for action words as well as object labels.
For normally developing children, then, by the end of their second year there is reason to predict that a minimum number of exposures will lead to initial comprehension. In previous QUIL studies, as few as six exposures (three times each in two viewings) have led to novel word comprehension in normally developing 3-year-olds (Rice, Buhr, & Oetting, 1992) . Children with SLI, on the other hand, may need more frequent exposures in order to accomplish the initial mapping, encoding, and storage of novel words. If new word comprehension does occur with increased frequency of input, it would suggest that the underlying cross-situational learning mechanisms are sound. If this is the case, the locus of word learning problems for children with SLI would be elsewhere, perhaps in the initial encoding or subsequent storage mechanisms.
Storage and retrieval from semantic memory. Available studies of word list recall indicate that children with SLI have problems with memory for familiar words when presented recall tests under laboratory conditions (Gathercole & Baddeley, 1990; Kail & Leonard, 1986) . Although the role of memory is a vital component in the word learning process, relatively little is known about the details of the lexical memory of children with SLI as they learn new words. In studies with school-age children, Kail and Leonard (1986) conclude that, for the noun categories they studied, the retrieval mechanisms of SLI children do not differ from those of their chronological age matches. They argue that the apparent retrieval deficits of children with SLI are attributable to the fact that their initial word learning is not robust, with fewer or weaker associative linkages to guide retrieval. An alternative explanation is proposed by Gathercole and Baddeley (1990) , who place the word list recall problems of school-age children with SLI in their inability to maintain phonological representation in memory. This difficulty may be attributable to disruptions in the fidelity of the initial signal processing, in which case phonological representations would be less discriminable at retrieval, or in a memory capacity limitation, such that fewer phonological items could be stored, or that phonological storage would be less specified. On this account, acquisition of new words would be impaired because of poor phonological memory skills (Gathercole & Baddeley, 1990, p. 358) .
There are, however, reasons to be somewhat cautious about these conclusions given that they are based on a small sample of children (6 children with SLI, in Gathercole & Baddeley, 1990) . Another criticism has been raised by Dollaghan, Biber, and Campbell (1992) , who noted that the multisyllabic nonce words used in previous studies of phonological memory (e.g., Kamhi & Catts, 1986 ) contained embedded familiar words. These processing tasks then, could inadvertently tap into a child's vocabulary knowledge. Dollaghan et al. (1992) tested possible semantic effects by presenting to 10-year-old boys multisyllabic "words" with or without embedded real words. Their findings suggest that children's memory for nonwords is influenced by associations with known words. The extent to which this criticism applies to the Gathercole and Baddeley (1990) experiments is not known because the list of nonwords is not reported in their studies.
The naturalistic learning context of QUIL allows for exploration of how well a newly comprehended word is stored by evaluating its availability for long-term retrieval. Within the conventional associative learning models of memory (cf. Baddeley, 1986) , it would be predicted that the stronger or more extensive the associative linkages, the better the recall. A comparison of short-term versus long-term memory could illuminate possible difficulties with initial encoding or representation mechanisms as compared with more long-term organizational mechanisms. Such information is not available for preschool children with SLI.
Nouns Versus Verbs
Although the bulk of the available literature regarding the lexical limitations of children with SLI focuses on their acquisition of nouns, there are some important differences in lexical form classes that may limit the available generalizations. Of particular interest are verbs. Verbs are thought to be more difficult for children to learn than nouns. One reason may be because the relational and causative meanings of verbs are less accessible to children (Gentner, 1982 ). Another consideration is that verbs are marked for grammatical information, such as tense, aspect, and agreement. Further, the verb stems carry information about obligatory arguments (such as direct object) and the semantic roles of those arguments (cf. Haegeman, 1991; G. A. Miller, 1991) . Children must align the syntactic and semantic information in order to arrive at adult-like use of verbs (Pinker, 1989 ). An additional consideration is that the organization of the se-mantic field of verbs is different from that of nouns. Whereas nouns are organized in a vertical fashion, verbs are more shallow and "bushy" (Miller, p. 229) . Thus, storage in memory and retrieval demands may differ for the two form classes.
There is reason to believe that verbs can pose particular problems for children with SLI, in that verb lexical diversity for preschool children with SLI is limited, and verb morphology tends to be impoverished relative to language-equivalent control children (Fletcher & Peters, 1984; Rice, 1991; Rice & Bode, 1993; Watkins, Rice, & Moltz, 1993 ). Yet there is little direct documentation of a verb-learning problem for children with SLI. In previous QUIL studies, SLI children's learning of verbs did not differ from their normal controls; for both groups of children, verbs were more difficult than nouns for initial meaning/form associations (Rice, Buhr, & Nemeth, 1990; Rice & Woodsmall, 1988) . A subsequent QUIL study, however, revealed a verb learning deficit for children with SLI relative to language-matched control children (Rice, Buhr, & Getting, 1991) . The overall effect size for QUIL in this study was modest, so some cautions are in order. The possible complexity of the word type issue is illustrated in a study by Leonard et al. (1982) . This study focused on younger children at the one-word stage. Fourteen SLI and 14 normal language-matched children were assigned to experimental word learning sessions, in which new words (object or action labels) were taught to the children in adult-directed play sessions with individual children. For both groups of children more object words were comprehended than action words. For production tasks, however, the children with SLI produced more action words than the normal comparison group. Furthermore, rather surprisingly, the two groups did not differ in the total number of experimental words acquired. The authors attribute the action word advantage for the SLI group to their greater chronological age and somewhat higher intellectual levels compared to the language-matched controls, advantages that may have been crucial for dealing with the relational properties of the verbs. What is not clear, though, is why the children with SLI were not able to draw upon these relevant advantages for verb learning in the comprehension task. In sum, then, the available evidence offers little explanation of the observed limitations in the verb lexicons of preschool children with SLI.
This study is designed to explore the possibility that SLI preschool children's initial form/meaning associations are influenced by multiple factors, such that there is an interaction among frequency of input, word form class, and storage mechanisms, with the result that children with SLI require a higher frequency of input in order to make the initial associations, are less able to map new verbs, and have more tentative associations that in turn lead to problems with long-term retention and retrieval.
Particular questions of primary interest were the following: In order to form initial word/referent associations, do children with SLI require a higher frequency of input than comparison groups of children equivalent for age or general language level? Are verbs more difficult than nouns to comprehend and retain for children with SLI than for children in the comparison groups? Is long-term recall of novel words more limited for children with SLI than for the control children?
Method

Subjects
The subjects were 30 children identified as SLI, 30 normally developing children of equivalent language levels, and 30 normally developing children within the same chronological level. All children were from native English-speaking monolingual homes and had no known history of hearing, physical, or psychological impairments.
The children with SLI ranged in age from 51 to 69 months (M = 59.7 months; SD = 4.43). Twenty-one were boys, and 9 were girls. These children were diagnosed before the study as having a specific language impairment and were receiving speech and language services. Most of the children were enrolled in a preschool designed for language-impaired or high-risk children.
Subjects in the SLI group met the following inclusionary criteria: (a) previously identified as language impaired by a certified speech/language pathologist and currently receiving intervention services, (b) performance on the PPVT-R (Dunn & Dunn, 1981 ) below a standard score of 87 (where 85 is one standard deviation below the mean, and the standard error of measurement is 7-8 for the age range sampled), (c) MLU in morphemes (Brown, 1973) at least one standard deviation below age expectancy (J. F. Miller, 1981) , and (d) failure to demonstrate mastery of at least three grammatical morphemes expected for their age. Mastery was assumed if the morphemes were used 90% of the time in obligatory contexts (de Villiers & do Villiers, 1973) . The last two criteria were determined from a spontaneous language sample that included a minimum of 100 utterances.
The language samples were collected, transcribed, and coded as part of a large, ongoing project at the University of Kansas, the Kansas Language Transcript Database (KLTD; cf. Rice, Watkins, Oetting, & Bode, 1989 , for details of the transcription and coding procedures). KLTD currently contains 173 language samples from this study and previous investigations. Point-by-point reliability on 17 (10%) of the samples collected (1,559 items) was found to be 95% accurate across four research assistants.
Prospective subjects for the SLI group were excluded if they (a) were not monolingual speakers of English, or if second languages were used in the home; (b) were identified as having a clinically significant hearing loss (Twenty-five of the 30 children in the SLI group had passed a recent school screening or audiological evaluation per the school or clinic record. Teacher/parent reports were the source of information for the other five children.); (c) were identified as having clinically significant neurological or social/behavioral problems according to parent or teacher report; (d) were identified as having clinically significant intellectual limitations-this latter point was determined by service provider report and clinical record. For 20 of the children, performance within normative range is confirmed by one or more of the following tests: Kaufman Assessment Battery for Children (Kaufman & Kaufman, 1983) Guidibaldi, & Svinicki, 1984) .
To determine if there may be an inadvertent subject bias for the children whose nonverbal intelligence estimates are based on teacher report alone, we sorted the 83 children with SLI in the KLTD into three groups: those who had clinical records documenting their intellectual status (which were drawn from a variety of test instruments; N = 38), those who were identified by teacher/parent report only (N = 25), and those who were tested on the Columbia Mental Maturity Scale (Burgemeister et al., 1972 ; N = 20) as part of an experimental protocol. The three groups did not differ on their performance on the PPVT-R and the MLU in morphemes. Thus, we have reason to believe that the children are all drawn from the same population with respect to language abilities and, within the limits of available means of assessing nonverbal intelligence, are within the same clinical level for that dimension as well.
The Goldman-Fristoe Test of Articulation (GFTA; Goldman & Fristoe, 1986) was also administered to measure each subject's general phonological development. This test provides a ranked score for each child that is based on the number of errors each subject makes. The average GFTA percentile rank for the children in the SLI group was 26.13 (SD = 22.25). Nineteen of the subjects received treatment for articulation/phonology. Although the phonological abilities of the subjects were reduced, language sample transcription was not significantly affected; 92% of the SLI subjects' complete utterances were transcribed as intelligible.
The subjects with SLI were randomly assigned to one of the three viewing conditions: Frequency 10 (N = 10), Frequency 3 (N = 10), and Control (N = 10). Individualized subject profiles of the children in the SLI group are reported in Table 1 .
Two groups of normally developing children also participated in the study, one group of children at equivalent levels of language development (MLU group) and another at equivalent age levels (CA group). As argued in the introduction, the language comparison group allows for evaluation of possible effects attributable to levels of general language acquisition. The grouping variable is the mean length of utterance (MLU) because of its conventional status as a general index of language acquisition for preschool children and its face validity as an approximate measure of children's noun phrase and verb phrase elaborations, which could conceivably influence the acquisition of nouns and verbs. Another reason is that MLU has been an informative grouping variable in studies of preschool children with language impairments, and there is considerable value in being able to compare findings to studies of children similarly defined (cf. Loeb & Leonard, 1991 , for further discussion of this issue). Also of interest is the possible association of children's lexical comprehension and their QUIL performance. In previous QUIL studies, PPVT-R measures, as an index of lexical comprehension, have not been correlated with QUIL performance measures for either the SLI group or the MLU group. In this study, PPVT-R measures were collected and evaluated as possible covariates, in the event that a relationship was apparent.
Both groups of normally developing children met the following criteria: (a) normal intelligence, hearing, and social development, according to teacher report; (b) performance on the PPVT-R that was within or above one standard deviation below the mean (i.e., a standard score of 85 or above); and (c) enrolled in a day care center or preschool. In addition, the language-equivalent children had to demonstrate an MLU that was above or within one standard deviation of the mean for their chronological age (J. F. Miller, 1981) .
The MLU group consisted of 30 children who ranged in age from 31 to 48 months (M = 38.0; SD = 4.58) and who showed the same approximate MLU range as children in the SLI group. Eighteen subjects were boys and 12 were girls. The MLU of each child in this group was within .40 morphemes of the MLU of one of the children in the SLI group. The two groups did not differ on MLU (t (58) = .34, p = .73). Reliability of the transcription and coding process was completed as described earlier. Assignment to the viewing condi- tions was carried out such that for each child within the SLI group there was a child in the MLU group within .4 morphemes assigned to the same viewing condition. See Table 2 for the individualized profiles of the children in the MLU group. The CA group consisted of 30 normally developing children who ranged in age from 54 to 67 months (M = 61.07; SD = 3.91). The subjects consisted of 20 boys and 10 girls. Like the children in the SLI group, the CA subjects were randomly assigned to the three viewing conditions. Table 3 presents individualized profiles of the subjects in the CA group.
Materials
The video stimuli included two animated television programs originally broadcast on Nickelodeon. One program, the "flower" story, was approximately 7 min in length and involved a mole saving a garden of wilting flowers by digging an irrigation ditch. The second program, the "rocket ship" story, was approximately 81/2 min in length and involved the same mole taking a trip on a rocket ship. During his travel, he crashes onto an island and has to rebuild his ship with the help of many animal friends. These programs were selected as the stimuli because they contained clearly depicted actions and characters, contained a plot that was developed through a series of actions, were void of narration or dialogue, and were less than 10 min in length.
The two programs were linked into one "program," with an intervening brief (about 20 sec) "filler" to demarcate the story boundaries, as is done in broadcast programming. The programs were presented in two different orders, counterbalanced across subjects and viewing conditions. Voice-over narration was added to each program by dubbing it onto a second sound track. Across the two stories, the narration contained 8 target words, 4 object words, and 4 Table 4 ). The 8 target words were selected for this study because they did not appear in adult spontaneous conversations with 41/2-year-old children (Hall, Nagy, & Linn, 1984) , and were not known by children ages 3 to 5 in pilot testing. Three viewing conditions were created by developing similar scripts for each condition, while varying the number of times a target word appeared. For the Frequency 10 (F10) viewing condition, the experimental words were presented 10 times. For the Frequency 3 (F3) condition the experimental words were presented 3 times. For the Control condition, the script matched the Frequency 10 version except words that were familiar to 3-and 5-year-old children (i.e., fly) were used instead of the target items (i.e., aviate; see Table 4 ). Therefore, the scripts of the F10 condition and the Control condition were identical except for the presentation of the target or control words. The script for the F3 condition was slightly different from the F10 script. We did not want to present both target words and corresponding control words in the same viewing condition, as this would have illuminated the mapping between the familiar words and the target words. Therefore, for the F3 script, we altered the content of the sentences that contained the target words in the F10 script so as not to replace a target word by its control counterpart. For all conditions, the story content and the sentence complexity remained the same; nouns were presented in the pre-or postverbal sentence position, and verbs were presented in the intransitive form. The words were nested within a single program. The "flower" program contained five of the words, and the "rocket ship" program contained three words. Excerpts from the scripts of each condition are provided in the Appendix.
As in our previous studies, great care was taken to coordinate the audio track and the visual stimuli across the three conditions. For example, the speed, intensity, and intonation patterns of the narrator were similar across the three audio tracks. In addition, the visual referent was always readily observable when a target word was produced. The audio dubbing was done by a professional sound engineer, using industrial equipment. Placement of the audio track on the video tape was done by a professional video technician, also using industrial equipment.
An experimental comprehension test that paralleled the format of the PPVT-R was developed to pre-and posttest the children's knowledge of the experimental words. The picture stimuli were created with photographs that were taken of the video programs as they were played, at times of the targeted object and action referents. Each word was presented in an array of four pictures. On a single page the four photographs represented: the target picture, another target picture, and two nontarget pictures. In addition, on a single page each grammatical class was presented twice. In other words, in each four-picture array there were always two actions and two objects. The child was asked to point to the word named: "Show me X." All of the subjects, regardless of condition, completed the comprehension pre-and posttest with the experimental words.
The experimental picture stimuli were also used to determine whether the subject had at least a basic level word in his or her vocabulary to refer to the targeted object and action referent. To test the subjects' basic knowledge, the control words were tested instead of the experimental words. For example, for the action referent that depicted the target word, excavate, the word dig was used to assess the subject's generic word knowledge of the action referent. The format of this comprehension test was similar to the experimental comprehension task; the children were shown the picture arrays and asked to point to the picture named. All children completed this task regardless of condition.
Procedures
The research procedures consisted of four 15-30 min sessions. For each session, only the child and the examiner were present. In the first session the PPVT-R and GFTA were administered, and for the SLI and language-matched subjects a language sample was collected. At the beginning of the second session, the experimental comprehension pretest was administered. Children viewed the video stimuli in Sessions 2 and 3. Viewing sessions occurred at least 1 day but no more than 4 days apart. The child was told to watch carefully because the experimenter would ask questions about the TV programs later. If the child initiated conversation, the experimenter was unresponsive, except for encouraging the child to view carefully. Immediately following the second viewing, the experimental comprehension test was readministered, and the generic comprehension test was completed. One to 3 days after the final TV viewing and posttesting, the experimental comprehension test was readministered to all of the children. This delayed testing allowed us to examine retention effects across the conditions, as an index of the long-term storage and retrieval mechanisms available to the children.
Results
The data were analyzed using a repeated measures analysis of variance. The between-subjects factors were Condition or Input Frequency (0, 3X, and 1 X) and Language Group (SLI, MLU, and CA). The two within-subjects factors were the measurement Time (pre, post, and retention) and Word Type (noun or verb).
A preliminary analysis indicated that the sphericity assumption required for the univariate approach to repeated measures was not violated. Because the univariate approach is generally more powerful and the assumptions were not violated, the univariate analysis was chosen. The results reported are from that analysis. Preliminary studies also indicated that there were no effects for order of presentation of the video stimuli. Further analyses collapsed findings across the two different orders.
Use of the PPVT-R as a covariate was considered, but analysis indicated that the PPVT-R was not significantly related to the QUIL measures in the SLI or the MLU groups and, thus, would not be appropriate. The lack of relationship was consistent with findings of earlier QUIL studies in which performance on QUIL measures was not correlated with PPVT-R scores for either of these groups. The significance of this replicated null finding is that it rules against the possibility that QUIL deficits are simply an artifact of a limited accumulated receptive vocabulary.
In the following analyses, multiple comparisons were completed using the recommendations of Milliken and Johnson (1984) . Basically, the recommendations are to use Fisher's LSD procedures for comparisons following a significant F statistic. When the F statistic is not significant, any individual comparisons preplanned by the experimenter are to be conducted using Bonferroni's method. Table 5 reports the results from the omnibus repeated measures analysis of variance. As can be seen in the table, several results are significant at the .05 level. A number of these involve Condition, Group, and Time, including a significant three-way interaction for these factors. Because of this significant interaction, each two-way interaction or any main effect for these factors needs to be interpreted with reference to the specific levels of the other factors. Also, since the analyses involving only Condition, Group, and Time collapse the separate values for nouns and verbs into a single value, it is easier to understand the results by examining the means for the word totals (nouns + verbs) at pretest, posttest, and retention test. Table 6 reports the means and standard deviations for the pretest, posttest, and retention test totals, collapsed over word type. The first section below discusses the results involving the Condition, Group, and Time factors. The second section discusses the results for the Word Type interactions.
Group x Condition x Time Interaction
One way to look at a three-way interaction is to look at the interaction involving two of the factors while holding constant the levels of the third factor. The discussion below looks at each possible two-way interaction within each level of the remaining factor. In addition to the possible significant twoway interactions, other results of interest are the simple effects for single factors. These are discussed following the Table 7 .
Group x Time interaction. This follow-up analysis looked at the Group x Time interaction within each condition. The results of the analysis indicated a significant Group x Time interaction within the F10 condition, [F (4, 162) = 4.88, p = .001]. A very small, but not significant at the .05 level, probability was also found for the Group x Time interaction within the F3 condition, [F (4, 162) = 2.12, p = .081]. Not surprisingly, the Group x Time interaction was not significant in the Control condition. The Group x Time interaction in the F10 condition is depicted in Figure 1 .
In the F10 condition, each of the three groups has a different pattern of response over the testing times. The SLI group and the CA group make comparable gains from pretest to posttest; however, from posttest to retention test, the CA group continues to make gains whereas the SLI group does not maintain the previous gains. The MLU group makes only a slight gain from pretest to posttest and has an inconsequential loss at the retention test.
In the F3 condition, the patterns of response for the three groups are different from the F10 condition and also different from each other. This interaction is depicted in Figure 2 .
In the F3 condition, the MLU and SLI groups respond very similarly across all testing times, with all gains and losses being minimal and not statistically significant. The CA group, however, makes a small gain from pretest to posttest and another gain from posttest to retention test. Thus, in both conditions, the CA group continues to make gains after the posttest and without treatment, whereas the SLI and MLU groups stay approximately the same. group. This interaction was found to be significant for the SLI group, [F(4, 162) = 3.84, p = .005], and for the CA group, [F (4, 162) = 7.50, p = .000]. The interaction was not significant for the MLU group. The source of the interaction for the SLI group is the change in performance across testing times for the F10 condition compared to the constant performance across testing times for the Control and F3 conditions. Figure 3 shows the different SLI group responses, a gain from pretest to posttest and a loss from posttest to retention test in the F10 condition.
In contrast, for the CA group, the Control condition shows the expected constant performance, whereas the F3 condition shows a moderate gain from pretest to posttest and also a small gain from posttest to retention test. The F1 0 condition for the CA group shows even more substantial gains, again across all testing times. Figure 4 illustrates the interaction for the CA group. Group x Condition interaction. A significant Group x Condition interaction was found for the retention test, F (4, 81) = 4.15, p = .004], but not for the posttest or for the pretest. The interaction is depicted in Figure 5 .
As can be seen, the interaction is due to the similar responses of all groups in the Control condition, but the very different response of the CA group in the F3 and F10 conditions.
Simple Effects for Condition, Time, and Group
Because of the significant three-way and two-way interactions, the effects for a single factor must be examined within specified levels of the other factors. Of particular interest in this study are the results for language group differences and for gains over time within certain conditions. The results for these particular factors are discussed below.
Group differences. In the F10 condition, the groups differed significantly on the posttest [F (2, 81) = 5.50, p = Time differences or gains. In the F10 condition, both the SLI and the CA groups made gains from pretest to posttest that were significantly different from zero. Only the CA group, however, made significant gains from pretest to posttest in the F3 condition. The MLU group never made significant gains in any condition, although they did make a small gain that is consistent with the gains made by similar groups in previous studies. It appears that the expected effect size will be small for the younger MLU-matched children in the naturalistic QUIL contexts. Larger sample sizes may be needed to detect effects of this magnitude if they exist.
Condition differences. At the posttest there were condition differences for both the CA and SLI groups. In both cases the differences between the F3 and F10 conditions were significant, [t (81) = 2.92, p = .004 for the SLI; t (81) = 3.44, p = .000 for the CA]. However, at the retention test there were no significant differences between the F3 condition and the F10 condition for the SLI group, whereas the differences between these two conditions were still significant for the CA group [t (81) = 3.45, p = .001].
Word Type Analyses
Two effects involving Word Type were significant: the Condition x Word Type x Time interaction and the Group x Word Type interaction. In addition to follow-up analyses of these interactions, we were interested in particular Word Type effects for the SLI group. These analyses will be discussed below.
Condition x Word Type x Time interaction.
Follow-up analyses of the Condition x Word Type x Time interaction indicated that the Word Type x Time interaction was significant only in the Control condition, although the Word Type x Time interaction had a small probability in the F10 condition [F (2, 162) = 2.68, p = .072]. A closer examination of the responses in the Control condition showed that the noun score increased over time whereas the verb score declined over time, both gains/losses being about the same magnitude and not statistically significant. Further examination showed that the CA group had an unusual difference in the Word Type means on the pretest (verb mean greater than noun mean), and the MLU group had an unusual difference in Word Type means on the retention test (noun mean greater than verb mean). The results for the SLI control group were not unusual. Because this was a control condition and there was no theoretical reason to expect differences in the condition, it was decided to examine Word Type differences without the control group in those analyses where the unusual control group results might affect the outcomes of the statistical tests. Although this was a conservative approach that reduced power, it was also felt that any Word Type differences found would more likely be due to real differences rather than what appears to be an unusual chance performance of the subjects in the Control condition.
It was not felt, however, that it was necessary to eliminate the control group subjects from the analyses of Time, Group, and Condition discussed in the preceding section. As mentioned previously, those analyses collapse the noun and verb scores together to determine the effects for the factors and because the collapsed Word Type scores seemed consistent with the total scores obtained on the pretest in this experiment and in previous studies, it was decided that the control group did not bias the results for these factors in the experiment. Moreover, the Control condition was necessary to eliminate the possibility that gains were due to causes other than the experimental conditions; removing them from the overall analysis would make it difficult to interpret results.
The only other significant result involving Word Type on the follow-up analyses for the Condition x Word Type x Time interaction was a Condition x Time interaction for verbs [F(2, 108) = 5.24, p = .007, analysis done without controls]. An examination of the Word Type means shows that the mean for verbs decreases slightly in the F10 condition, whereas it increases slightly for the F3 condition. Closer examination shows that the decrease over time in the F10 condition is due primarily to the SLI group, whereas the increase over time in the F3 condition is due primarily to the CA group.
Related to the results above for verbs in the F10 condition is the small probability for the Word Type x Time interaction in the F10 condition mentioned previously. The increase in verbs is greater than that for nouns from pretest to posttest, but verbs decreased whereas nouns continued to increase from posttest to retention test. As noted above, the verb decrease is due primarily to the performance of the SLI group, whereas the noun increase is due primarily to the performance of the CA group.
Word Type means and standard deviations for the CA and SLI groups in the F10 and F3 conditions are reported in Table  8 . Figure 6 illustrates the differences discussed above.
Group x Word Type interaction. Because the control group means are involved in the overall test for Group x Word Type interaction, follow-up analyses for the interaction were done without the control group. The analyses revealed no significant Word Type effects.
Analyses for the SLI group. Because of the previously noted verb difficulties demonstrated by children with SLI, comparisons involving differences between nouns and verbs, and retention of verbs, were of a priori interest for the SLI group. Because the F10 condition was where learning occurred, we were especially interested in the SLI group's performance on Word Type in the F10 condition. These 
Discussion
The evidence from this study reveals that the way in which input frequency contributes to initial word comprehension in naturalistic circumstances is relatively complex. Concomitantly, the locus of apparent sources of difficulty for children with SLI is embedded in multiple, interacting factors. The findings can be partitioned according to minimal input effects, learning mechanisms, memory mechanisms, and word type effects.
Minimal Input effects. In this study of nouns and verbs, the F3 condition was the lower bound for novel word comprehension. The CA-equivalent children were the only group to show significant gains from pre-to posttest (1.3 words). These gains were stable on subsequent retention testing. The SLI group did not add to their comprehension lexicon in this condition, nor did the younger, language-equivalent children. One could argue that the limitations of the children with SLI are secondary to their general language level, given the parallels with the MLU-equivalent group, but this explanation is not supported by the F10 children's performance, where the two groups differed.
Learning mechanisms. In the F10 condition, the SLI group made surprising gains from pre-to posttesting, with an average gain (2. Of., ** were lower for the SLI group. On the other hand, the MLU group made small pre/post gains (.8 words), which did not reach the level of statistical significance.' The fact that children in the SLI group could learn new words with a higher input frequency rules out a deficiency in the underlying cross-situational learning mechanisms. Given sufficient input, the children seemed to be capable of attaching a novel name to the relevant parts of the scene, and to do this without focused adult input (i.e., without extraneous cues to highlight the targeted referent). Earlier reports have documented that children with SLI are able to learn new words as readily as normal control groups in conditions of carefully focused input and repeated presentations (e.g., Dollaghan, 1987; Leonard et al., 1982; Whitehurst, Novak, & Zorn, 1972) . What this study contributes is evidence of an even more robust learning mechanism than demonstrated previously. Children with SLI can form new word/referent associations on the basis of Quick Incidental Learning (QUIL) given a few more instances of the novel word.
Memory Mechanisms
Although this study did not set out to test Gathercole and Baddeley's (1990) deficit phonological memory (PM) account, the findings can be related to a PM explanation. In the QUIL task, the demands for phonological representation are considerable. A stable representation of the original sound sequence for the novel word form is required in order for the tentative word/meaning association to be confirmed in subsequent encounters and to be available for recall at posttesting and retention testing. Although the particulars of a PM account of SLI are not fully explicated, three predictions can be inferred relevant to this study. Those predictions are (a) comprehension of novel lexical items should be more difficult for children in the SLI group than the non-SLI groups; (b) for individual words, multisyllabic words (especially 3 syllable words) should be more difficult to store than single syllable words; and (c) there should be no form class differences, given that differences between nouns and verbs are not determined by sound sequences.
None of these predictions were upheld. In the F10 condition, the SLI group's performance belied significant problems with phonological representation. On the other hand, PM may be one among several factors that contribute to the apparent minimal input effect evident in the F3 condition, for either the SLI or the MLU groups. In regard to the second prediction, the easiest words, summed over both experimental conditions for all children, were aviate (32 children), excavate (26), crustacean (26), and languish (23). In con-' n Rice, Buhr, and Nemeth (1990) the MLU group did demonstrate novel word comprehension on a QUIL task with fewer exposures of the novel words (5 times per video program, and the programs were viewed twice). The ages and MLU levels of the children in the two samples are quite similar, so one could wonder what accounts for the differences. In both studies the effect sizes are small, suggesting that, if the younger normal children are able to add new words to their lexicon in the challenging circumstances of the QUIL task, they are barely able to do so. Another possibility is that, at this level, there are strong item effects. This was noted in the Rice, Buhr, and Nemeth study, where a few words seemed to account for the apparent learning effect for the young children.
trast, the most difficult words were sprint (9) and sphere (14). This pattern held for children in the SLI group as well as the control children. Thus, the surface feature of number of syllables to be represented did not predict performance on individual lexical items. The third prediction would not anticipate the interesting form class differences in long-term memory, evident in the retrieval testing, for the F10 SLI group. Thus, the PM account does not explain what may be the most informative findings from the study: the strong performance of the F10 SLI group in the posttesting, and their subsequent loss of verbs at the delayed retention testing.
Word Type effects: Verb loss at retention. The children's performance on verb items was the most interesting aspect of the observed word effects. The Word Type x Time interaction indicates that, for the F10 condition at posttest, verbs were at higher comprehension levels than nouns, for both the SLI and CA groups. That advantage for verbs is lost at retention testing for the children in the SLI group, who demonstrated a mean drop of .8 verbs, from the earlier testing.
Two questions arise: Why were verbs relatively strong at posttesting (counter to the findings of Rice, Buhr, & Nemeth, 1990; and Rice & Woodsmall, 1988) ? Why were the verbs vulnerable to loss at retention testing for the SLI group but not the CA group? Answers may lie in the distinction between the features of the referential information, and the more abstract markings of the lexical items for grammatical information. The actions depicted in these stimuli may have been especially interesting for the children. The stories are about actions: a rocket flying, a mole digging, flowers drooping, a mole running. These are clearly intransitive events, featuring continuous actions carried out by a main character. The interest value of the scenes, combined with clear depiction, could have been sufficient to ensure initial encoding into representational memory. If so, these features may have been enough to boost initial comprehension of the verb labels to a level commensurate for the nouns. In this account, the posttesting would have accessed immediate representations in memory. When asked to "point to excavate," a child would be able to associate the label with the appropriate scene. This account would explain why verb learning in this study exceeded the effects evident in earlier QUIL studies (Rice, Buhr, & Nemeth, 1990; Rice & Woodsmall, 1988) .
Storage in the semantic network for long-term memory, on the other hand, may entail grammatical markings, such as form class designation, transitivity marking, the number of noun phrases associated with a verb, and the semantic roles assigned to the noun phrases (agents, affected object, and so on). Little is known about the associative networks involved in verb memory and how verbs are organized according to meanings and grammatical features, let alone how children build such a system. Possibly, the number of associations or strength of associations for verbs in long-term memory is tied to such linguistic markings. If this is the case, these associations may be what's vulnerable in children with SLI. This account would explain why the children in the SLI group dropped verbs at retention testing.
This explanation extends the analysis of noun recall provided by Kail and Leonard (1986) to verbs. One reason why long-term retrieval could be impaired is that children with SLI do not fully control the obligatory grammatical features of verbs. There is evidence to that effect. A detailed analysis of the verb errors evident in the spontaneous utterances of three boys with SLI (4 years of age [Rice & Bode, 1993] ) revealed that the boys had not completely worked out obligatory predicates and arguments, which in turn can be regarded as indicative of missing, or incomplete, or weak feature-marking on individual verbs.
Inspection of the individual items reveals that the verb decline at retention is most apparent for one item, excavate. Seven of the children in the SLI group performed correctly on that item on posttesting, whereas only 2 did at retention testing. The other verb items that indicated declines were aviate, from 9 to 7 children, and languish, from 4 to 3 children. Sprintwas not comprehended by any of the children in the SLI F10 condition at either testing. A possible explanation for the different verb patterns is verb morphology. One way in which the items differed was in their verbal inflections. In the development of the scripts, tense marking was tied to the story line. The a priori decision was to mark tense naturally, to have multiple markings for each item, and to avoid third-person agreement marking. As it turned out, there were differences in the proportion of instances marked with past tense. In the F10 condition, sprint was marked exclusively for past (100% of occurrences), excavate 70% for past, aviate, 50%, and languish, 10%. It is possible, then, that past tense marking is implicated in the apparent long-term storage failure. The experimental verbs were all of the class of regular past tense, a marking known to be difficult for children with SLI (cf. Leonard, 1989) . In this sample, the mean percent correct use of regular past tense in obligatory contexts for the children in the SLI group was 58%; for MLU children, 61%; (unavailable for CA-matched children). Thus, for these children past tense marking was optional and therefore probably not available as a verb feature.
The interesting implication is that the associative network of verbs in long-term storage (but not necessarily immediate representational encoding) includes morphological categorization, such as "able to take regular past tense," or "able to be marked for progressive aspect." This is a distinction not worked out in the normative literature, where models of morphology generally presume lexical items are safely entered into long-term storage. (In the dispute about associative vs. rule-based morphological learning, both sides assume the child has access to the lexical entry, cf. Pinker, 1991.) A prediction to be drawn from this line of interpretation is that if children encounter novel verbs only in past tense contexts, irregular forms should be more accessible in longterm representational memory for children lacking regular past tense morphology. Some support for this possibility is to be found in evidence that children with SLI rely heavily on a small set of irregular past tense verbs (Rice & Bode, 1993; Watkins, Rice, & Moltz, 1993) . There are multiple reasons for an apparent advantage for irregular past tense verbs, however, so the full story is bound to be complex. What these findings offer is a small peek into the particulars of the representational system of verbs.
Another interesting finding was that the F10 CA control group actually enhanced their recall of experimental items in the retention testing. One way in which this could have happened is if the children recalled the items outside the experimental sessions and inquired about the words' meanings, or if they happened to encounter an experimental word in conversations outside the experimental setting or when viewing television and made a note of the referent. There is no way to confirm this possibility, of course, but it is a plausible speculation. The finding, however, uncovered another possible mechanism that would further enhance the relative advantage of the CA control group.
Conclusions
Overall, this study contributes to our understanding of the lexical limitations of children with SLI in the following ways. First, it provides further documentation that their difficulties with word learning are evident in naturalistic contexts, in the earliest stages of assignment of word to referent. These youngsters are less able than their non-language-impaired peers to quickly infer a new word's meaning.
Second, initial word comprehension is clearly frequencydependent. A minimal input constraint was apparent for the SLI group, and the younger MLU-equivalent normal group, as well. With such a constraint, in order for word-comprehension to take hold in everyday experiences, a higher number of encounters will be required for the children with SLI and for younger normally developing children, all else being equal. If this input constraint continues to be operative for the children with SLI during the developmental period of rapid vocabulary acquisition, it would lead to a widening gap between the accumulated lexicon of these children and their non-language-impaired peers. As they get older, the children with SLI would fall farther and farther behind their peers in vocabulary. On the other hand, there is reason to be encouraged about clinical applications. An increase in the input frequency of unfamiliar words as a way of enhancing comprehension is a conventional clinical technique that receives support by these findings. The obvious way to overcome a minimal input constraint is to exceed the minimal level of presentations.
A third contribution of this investigation is documentation of the apparently robust acquisition mechanisms available to children with SLI. In the 10X condition where the minimal input constraint was overcome, these youngsters were able to form new word/meaning associations as readily as their age-matched peers, a finding that aligns with earlier studies of word acquisition by children with SLI in highly focused introducing contexts.
The fourth major finding, however, suggests that increased frequency, although necessary, is probably not sufficient to establish stable lexical comprehension for children with SLI. This limitation may be specific to verbs, or may extend to other word classes as well. In this study, the problems of long-term memory were attributable to the loss of new verbs, which in turn might have been attributable to problems in representing tense marking. In order to have a clear interpretation of the import of this finding, much more needs to be learned about how semantic information is represented in memory, and the nature of the associations that are involved in recall. In the meantime, we may assume that the acquisition processes for acquiring verbs may differ from other form classes. If so, clinical techniques to teach verbs apparently need to incorporate information about tense marking as well as the representation of meaning, or, at the least, to be careful about the tense marking used in initial introducing contexts.
Several caveats must also be noted. The previous conclusions bear on the initial stage of word acquisition, the time when quick and probably partial representations of meanings are attached to unfamiliar words. Although this is an important part of the process of lexical learning, it is not the full story. In order to achieve full mastery, much more information must be included, such as reference to a class of things (where thing can mean object, action, attribute, or other notions encoded in words) instead of one particular instance of a thing. Furthermore, words must be organized with respect to each other, in a full semantic framework. Those stages are beyond the present findings. Finally, there is the usual caveat about generalizability across all children clinically defined as SLI. The children in the SLI group in this study were drawn from the population of children with receptive as well as expressive language deficits. It remains to be determined if these generalizations will apply to children whose vocabulary limitations are evident only in the expressive modality.
